Solutions of the thioglycollate-reduced wool keratin preparation, "component 2" of Lennox (1953, 1955), show abnormal electrophoretic behaviour. New, faster moving peaks appear in the descending electrophoretic pattern at protein concentrations exceeding 0·5 per cent. which are attributed to an aggregation-disaggregation reaction. They are eliminated by increasing the ionic strength to 0·5, or by lowering the protein concentration to 0·4 per cent.
INTRODUCTION
The preparation from Merino 64's wool of an electrophoretically pure fraction representing the major protein in wool and designated "component 2" was recently described by Lennox (1953, 1955) . It was shown to have an apparent molecular weight approximating 32,000 at pH 6· 9 and 1· 0 r h but at pH 9· 0 dissociates to units of molecular weight approximating to 8000 at O· Ol r /2 (Harrap 1955b) . It contained less cystine but more glutamic acid residues and amide groups than the wool from which it was derived (Simmonds 1955) . Under a variety of conditions it moved as a single peak in the ascending limb of the electrophoresis apparatus but showed a multiple peak in the descending limb at protein concentrations exceeding 0·5 per cent.
In the present study this interesting electrophoretic behaviour is further investigated and the influence of several factors on the mobility of component 2 is reported.
II. MATERIALS AND METHODS
The protein used in the present investigation, component 2, was prepared as previously described Lennox 1953, 1955) and run electrophoretically for approximately 6 hr at 1°C. Briefly, solvent-extracted wool was extracted five times for 20 min at 50°C with 0 ·IM thioglycollate at an initial pH of 10· 5 using 30 ml for each g wool. an apparently normal, single, symmetrical peak at all protein concentrations, and in the descending boundary a single, symmetrical curve was obtained at a protein concentration of 0·3 per cent. A slight hump on the curve, attributable to faster moving material, was observed at 0·6 per cent. protein concentration and, as this increased, so also did the amount of faster moving material (Plate 1).
( ii) Buffer C oncentration.-Solutions containing 1·5 per cent. protein were run at pH 11 in a series of buffers containing thioglycollate and glycine at O· 02 r / 2, that is at one-tenth the usual concentration, together with sufficient KCI to bring the final ionic strength to desired values within the range 0·02-0·5.
The two boundaries showed markedly different behaviour. In the descending boundary at the lowest ionic strengths, in addition to the main peak, a long hump of faster moving material showing no resolution into individual peaks can be seen in the patterns (Plate 2). As the ionic strength was increased, the amount of protein in the faster moving peaks decreased until at 0·5 r / 2 the pattern assumed the form of a single, symmetrical peak, whereas the ascending boundary was hyper-sharp at the lowest ionic strengths, becoming normal at ionic strengths of 0·1 and higher.
(iii) pH Value.-Electrophoresis at lower pH values also revealed anomalous peaks in the pattern for the descending limb but they were less pronounced. 
( b) Factors Influencing the Mobility
In our earlier studies, the electrophoretic mobilities determined under standard conditions for different preparations of component 2 showed a fairly wide scatter around a mean value of -7·2 X 10-5 cm 2 V-l sec-1 at pH 11 with a protein concentration of 0·5 per cent. In the following sections it will be shown that the observed variation between -6·9 and -7·5 X 10-5 cm 2 V-l sec-l can be explained by the apparent instability of the wool protein in alkaline solution, a steady decrease in viscosity with time corresponding with an increase in mobility.
(i) Influence of Time on the Viscosity.-Freshly prepared component 2 was chilled to 1°C and dialysed against (). 02M thioglycollate at pH 10 for 24 hr, then placed in an Ostwald viscometer at 25°C. It can be seen from Figure 1 that the relative viscosity diminished steadily throughout the 600 min test period.
(ii) Influence of Time and Temperature of Storage on Mobility.-Freshly prepared component 2 was chilled to 1°C and dialysed against a glycinethioglycollate buffer at pH 11 and 0 ·22 r / 2. After dialysis for 2 days the ELECTROPHORESIS OF WOOL PROTEIN 381 dialysate was divided into two parts, one being maintained at l'O°C and the other at 25°C for 2 days. The relative viscosity at 25°C of the portion held at PC was 1· 36 and of that held for 2 days at 25°C was 1· 24. Mobilities determined on the two solutions were -6·7 and -7·5 X 10-€i cm 2 V -1 sec-1 respectively at pH 11. Further evidence of an increase in the negative mobility of this protein during storage was obtained by repeated electrophoresis of the same sample. After each run the protein solution was recovered from the cell, dialysed at room temperature, freeze-dried, and redissolved for the next experiment.
-5 (iii) Protein Concentration.-The considerable effect of protein concentration on the mobility of component 2 already reported by the present authors was confirmed in these experiments. It was submitted to electrophoresis in a buffer at pH 10 and 0·2 r / 2 containing o· 02M thioglycollate, O· 02M glycine, .
and KOH and KCI to provide the required pH and ionic strength. The protein concentration tested covered the range O· 2-1' 2 per cent. It can be seen from Figure 2 that the mobility of the protein is very dependent on concentration. The mobility of component 2 at pH 4·0 was determined at a protein con· centration of 0·1 per cent., in an acetate·thioglycollate buffer of ionic strength 0·2. It was found to be about + 0·4 X lO-u cm~ V-l sec-1 showing that at this pH the protein was on the acid side of the isoelectric point. It is of interest to note that Goddard and Michaelis (1935) incubation at 25°C but the first and second measurements required only 8 min during which the time of flow fell by only 1 or 2 sec in about 300 sec. The mean of these readings was used to calculate the reduced viscosities which are plotted against the concentration in Figure 4 . Over the pH range studied the reduced viscosity extrapolated to infinite dilution appeared to give the same value within the limits of experimental error.
( d) Partial Specific Volume
The value of the partial specific volume of component 2 was needed for the calculation of intrinsic viscosity; as no experimental measurements have been made, it was estimated from the amino acid analyses of Simmonds (1955) using the procedures described by Cohn and Edsall ( 1943) . Recently McMeekin and Marshall (1952) have shown with 19 proteins that the calculated and experimental values are generally in excellent agreement. The partial specific volume of component 2 determined in this way was found to be 0·7175 and this value was used for the calculation of intrinsic viscosity. Olofsson and GraIen (1947) reported a value of 0·703 for an un fractionated sodium sulphide extract of wool.
IV. DISCUSSION Component 2 shows peculiarities in its electrophoretic behaviour which make the interpretation of the results very difficult. New, faster moving components appear in the descending pattern with increase in protein concentration or with decrease in ionic strength, whereas the ascending boundary pattern shows no change with variation in protein concentration but becomes sharper with decrease in ionic strength.
This non-identity of boundaries has been observed with other proteins: with ,8-lactoglobulin (Ogston 1953; Smithies 1954) and with bovine plasma albumin at pH 4·63 (Longsworth and Jacobson 1949) , at pH 4 ·15 (Alberty 1949) , and at pH 2·2 in glycine-HCI at 0·1 r / 2 and also in fluoride-phosphate buffer at pH 6·8 (Woods, unpublished data) .
Non-identity of ascending and descending electrophoresis boundaries can be caused either by protein-buffer interaction or by protein-protein interaction either between two different proteins or by aggregation of one protein. Proteinbuffer interactions are almost certain to take place, for component 2 constitutes a reversible oxidation-reduction system in equilibrium with thioglycollic acid and its oxidation products, and any pH changes across boundaries could influence the relative proportions of -SH and -S-S-and thereby the charge on the protein at pH values where -SH is ionized.
There is no conclusive electrophoretic evidence that component 2 is one homogeneous protein. However, attempted fractionation did not resolve it into components, and O'Donnell and Woods (1955) found that the sedimentation pattern of a freshly prepared extract consisted of one well-defined peak when run in buffer at pH n· 0 and ionic strength approximately 0·3. The dependence of the electrophoretic patterns on protein concentration seems to indicate that the system consists of a monomer in equilibrium with its aggregates, and this is supported by the findings of Harrap (1955a Harrap ( , 1955b . He showed by the surface balance technique that at pH 9, the molecular weight varied from 8000 at 0'Olr/2 to 16,000 at 1·0 r / 2 , whilst at pH 7, the molecular weight was 32,000 at 1· 0 r / 2 and, contrary to the behaviour at pH 9, the protein became greatly associated at lower ionic strengths. This protein-protein interaction will be concentration dependent, and at any protein concentration there will be an equilibrium mixture of monomer and its aggregate. In order to explain the electrophoretic data it is assumed that the dimer and higher polymers migrate more rapidly than the monomer.
In the migration of an equilibrium mixture, the type of pattern obtained depends largely on the time of equilibrium. This has been discussed by many workers (e.g. Ogston 1953 ). The observations on component 2 seem to indicate that the time of equilibrium is of the same order as the time of electrophoretic separation. As Longsworth and Jacobsen (1949) pointed out, in connection with serum albumin studies, an adjustment of equilibria will take place as electrophoretic separation occurs. Ogston (1953) has described such a case with ,B-lactoglobulin, namely, a hyper-sharp front on the ascending limb and an incompletely resolved descending boundary. This is attributed to the formation of a dimer which migrates more rapidly than the monomer. Some such explanation may be applied to the electrophoretic pattern of component 2.
At low protein concentrations, both boundaries appear to be symmetrical peaks and this may result from the dependence of the equilibrium reaction hetween monomer and dimer on the second power of the monomer concentration, or on higher powers if polymerization proceeds further. Hence at low concentrations very little of the aggregate would be present, but as the total protein concentration and hence the monomer concentration is increased there is a rapid increase in the proportion of dimer. Thus at low protein concentrations the dimer concentration may be too low to be resolved optically and also resolution may be blurred by more rapid diffusion.
The striking effects of ionic strength may be attributed to the fact that at low ionic strengths proteins move faster and heterogeneity is easier to detect; thus various effects due to the aggregation will be accentuated. However, the fact that the state of aggregation of the protein itself may depend on ionic strength should not be overlooked. This could account for the extremely hyper-sharp ascending boundary and for the descending boundary with a greatly spread leading edge obtained at the lowest ionic strengths. If the ideas of Harrap apply to component 2 in solution, then at the highest ionic strength only polymers will be present, and under these conditions both boundaries show a reasonably symmetrical peak.
None of the deviations from ideality described in the literature exactly meet the case of component 2 and a complete explanation of the observed effects cannot be given at the present time, but it seems that association-dissociation phenomena playa most important part in determining the shape of the patterns.
The results presented also indicate that component 2 constitutes an unstable ~ystem and the absolute values of mobility and viscosity reported here depend on the previous history of the keratin preparation. The chemical or physical changes which take place in the protein during storage are not understood; it is quite likely, however, that oxidation is the predominant factor and this can almost certainly account for part of the changes in viscosity with time, but loss of amide groups or slow hydrolysis of other bonds cannot be excluded as causes of instability of the system. Decrease in viscosity with time has been observed by Olofsson and GraIen (1947) with sodium sulphide extracts of wool, and also by Mr. E. F. Woods (personal communication) in this Laboratory working with peracetic acid extracts of wool. Such changes may therefore be a property characteristic of wool proteins.
In general the shape of the pH mobility curve resembles the general form of the titration curve of wool (Speakman 1953) in that at pH values above 11 there is a rapid increase in mobility due to discharge of the cationic amino acids with consequent increase in the net charge of the protein molecule. In dealing with an -SH protein it would be expected that there would be an increased net charge in the pH 9 region, because of the ionization of the -SH groups. However, the pH-mobility curve is not sufficiently accurate to provide information on this point. The pronounced insolubility of this protein in the isoelectric region makes it impossible to determine the isoelectric point by electrophoretic measurement and·all that can be said is that it is slightly above pH 4 and well below pH 6·8.
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